Yeast mother cells pay a sacrifice during budding: they keep the extrachromosomal rDNA circles (ERCs) so that their buds have a full lifespan ahead. Two new studies indicate that retention of ERCs in mother cells occurs not by tethering to the nuclear periphery but rather by the simple rules of diffusion in a time-limited and complex landscape.
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Although many genes have been identified that modulate the aging process, uncovering the molecular causes of aging has proven a bigger challenge. Is aging driven by accumulation of damaged molecules, loss of homeostasis, attrition of survival factors, or some other cause(s)? Bucking this trend, two molecular pathways driving aging have been identified for yeast: one each for chronological and replicative aging [1, 2] .
Replicative aging is defined as the number of daughter cells that one mother produces and is defined in generations. Saccharomyces cerevisiae cells divide by budding, with a mother cell giving rise to a smaller daughter. One mechanism limiting the division potential of aging mother cells is the accumulation of extrachromosomal rDNA circles (ERCs) [3] . While other mechanisms exist in yeast, attempts to understand the dynamics of ERC accumulation in yeast have proven informative with regard to how unwanted molecules contribute to aging, at least from a paradigmatic perspective. ERCs are formed by homologous recombination within rDNA repeats, which exist in 100-200 copies in tandem on chromosome XII. The simplest of these events leads to an episome containing a 9 kb circular sequence consisting of an autonomous replicating sequence but no centromeric element. Unlike chromosomes, ERCs do not have centromeric sequences that dictate equal segregation for replicated plasmids. Instead, there is a greater than tenfold segregation bias, with episomes nearly always retained in mother cells. As a result, they accumulate in mother cells, promoting mortality, and are largely prevented from entering daughter cells, which thus maintain their full lifespan potential.
But why do ERCs stay in mother cells? In 2008, Shcheprova et al. [4] proposed a mechanism whereby mother cells retain ERCs through association with nuclear pores, which were themselves proposed to be retained in the mother cell through a septin-dependent lateral diffusion barrier ( Figure 1A ; see comment in [5] ). This finding was not limited to the pore, since other nuclear envelope associated proteins were also retained in mothers. To test the role of a bud neck dependent diffusion barrier, mother cell retention of a nuclear envelope protein was tested in several mutants required for barrier formation, including temperature-sensitive alleles of septins and deletion of the bud neck protein BUD6. Retention was diminished or lost in these cases, emphasizing the importance of the septin ring. Molecules free to distribute in the nucleoplasm were not asymmetrically retained. ERCs, however, were found to associate with nuclear pores, in theory explaining their asymmetry. This was an elegant model that seemingly explained the phenomenon.
Shcheprova et al. [4] went on to test the consequences of interfering with asymmetric ERC segregation for yeast replicative lifespan. By keeping ERCs, yeast mother cells are thought to make the ultimate sacrifice for the daughters, retaining a determining factor in aging while their daughters are born young. With regard to replicative aging, the consequences of loss of asymmetry are hard to predict, since daughters would be more likely to inherit ERCs, but subsequently have a mechanism to reduce their accumulation when they become mothers themselves. Results indicated that daughters derived from young mothers of bud6D cells were longer-lived than their wild-type counterparts, whereas daughters from middle-aged mothers were not. Interpreting these findings, the authors proposed that daughters from young mothers were not impaired by reduced ERC retention in mothers since the mothers did not have significant levels themselves, but daughters from middle-aged mothers were effectively born old since they inherited ERCs.
The implication from the tethering model is that the nuclear envelope generated in the bud nucleus should be composed of newly synthesized pores (since old ones are prohibited from diffusion into the daughter). New pore assembly might be expected to occur in anaphase, concomitant with nuclear entry into the daughter. Yet, a much earlier study indicated that newly assembled pores appear throughout the yeast cell cycle [6] . Further observations of non-random nuclear pore distribution during early mitosis led the authors to speculate that spindle pole association may promote nuclear pore distribution between mother and daughter. These apparent discrepancies led Khmelinskii and colleagues [7] to revisit the photobleaching experiments first performed by Shcheprova et al. [4] . The key experiment, performed by both groups, involved the technique of fluorescence loss in photobleaching (FLIP), in which a region of the cell tagged with a GFP-labeled protein of interest is repeatedly photobleached and loss of fluorescence in the non-photobleached area is used as a proxy for mobility of the marker. In this case, a region of the mother cell nuclear envelope was bleached.
Results from both groups are in agreement that loss of fluorescence predominantly occurs in the remaining mother envelope, with fluorescence in the daughter region remaining constant [4, 7] ; however, the results are interpreted differently. Instead of concluding that pores are unable to migrate between mother and daughter, Khmelinskii et al. [7] included an accounting of newly synthesized pores, which occurs at high rates in daughter regions of the nucleus during mitosis. Their conclusion was that the daughter cell signal remains constant during the FLIP experiment because the lost fluorescent signal is compensated for by synthesis of new pores, an interpretation consistent with movement of pores between mothers and daughters. Further experiments using a pore component fused to a photoconvertible fluorescent tag confirmed this assertion.
The hypothesis that ERCs are retained in mother cells through tethering to nuclear pores is hard to explain if pores migrate between the nuclei of mothers and daughters, although it remains possible that there is a subset of pores retained in mother cells to which ERCs are attached. Two new studies published in a recent issue of Current Biology [8, 9] further call into question the tethering hypothesis and, importantly, present a new model to explain asymmetric distribution of ERCs to mothers ( Figure 1B) . Both studies take advantage of a method to tether ARS plasmids to nuclear pores directly, which, surprisingly, results in better segregation of the plasmids into daughters. So how are ARS plasmids retained in mothers after all, and why does tethering them to pores assist in transport to daughters?
Sometimes the simplest explanations are the best. After showing that ARS plasmids diffuse freely in the nucleus, Gehlen et al. [9] decided to test the hypothesis that the shape of the nucleus as it partitions between mother and daughter cells might be sufficient to explain plasmid retention. As the daughter nucleus forms progressively from that of the mother, the two nuclei remain connected by a thin tunnel that is ultimately closed during septation. The plasmids fit through the tunnel, and given sufficient time for equilibrium to be reached, their distribution between mothers and daughters would depend solely on the relative nuclear volume in each compartment. But sufficient time may not exist. After making careful measurements, Gehlen et al. turned to complex mathematical modeling paradigms taking into account the short time period during which yeast finish mitosis to generate a passive diffusion-based model sufficient to predict mother-daughter asymmetry. Importantly, they tested the model, showing that delaying mitosis improves plasmid segregation to daughters. The passive diffusion model also explains why nuclear pore tethering reduces segregation bias since attachment to pores restricts plasmids to the nuclear periphery, which by the model generated predicts better segregation through the small window and into daughters.
One loose end: why should bud6D disrupt asymmetry and extend lifespan [4] ? The first question can be explained by the fact that cells lacking BUD6 have delayed passage through mitosis [10] . The second could still be because ERCs are shed from mother cells to daughters at a higher rate. Predicting how loss of ERC asymmetry might affect replicative lifespan is complicated, however, since the influence of ERCs on the lifespan of a cell will be determined both by the number of ERCs daughters inherit and the number they accumulate over time. Loss of asymmetry presumably extends lifespan because most daughters are born to young mothers, a time in which mothers have few if any ERCs to contribute to their offspring. This is consistent with the findings of (A) Previous work had suggested that nuclear pore complexes were retained in the mother nucleus membrane during mitosis, and that tethering of ERCs to these nuclear pores was responsible for their preferential retention in the mother nucleus. (B) More recent findings suggest that nuclear pore complexes are not blocked from moving into the daughter nucleus membrane and that the simple geometry of the bud neck, along with the brevity of mitosis, restricts diffusion of plasmids enough to preferentially retain ERCs in the mother nucleus.
Shcheprova et al. [4] , who found that bud6D daughters born to older mothers had a shorter lifespan. It would also imply that asymmetric inheritance does not exist for mothers to retain accumulated damage as a means of making their daughters young, since the daughters are better off (at least with regard to lifespan) without it. Instead, it may be that retention of damaged molecules into the mother cells benefits the longterm fitness of the colony.
Together, the findings of Gehlen et al. [9] and Khmelinskii et al. [8] put forth a new model for asymmetric inheritance of ERCs that is both elegant and simple. What are the broader contexts of these findings? To our mind, there is good news and (potentially) bad news. The good news is that the simple diffusion models need not apply solely to plasmids without centromeric elements. Thomas Nystrom and colleagues have shown in an elegant series of studies that mother cells preferentially retain a range of damaged cellular molecules, including oxidized and aggregated proteins [11, 12] . Geometry could also play a role in the restriction of these and other molecules to mothers, whether they be nuclear or cytoplasmic components. It should be noted that recent studies have proposed active mechanisms as well for the maintenance of damaged proteins in mothers [13] . Nevertheless, the influence of geometry should be considered.
The potential bad news is that yeast are different from mammalian cells in at least two important contexts. The first is that yeast divide by budding. The second is that they have a 'closed' mitosis; that is, the nuclear envelope does not breakdown as it does in mammals . It is unclear whether models based on geometry will be sufficient to explain the asymmetric segregation of molecules in mammals without these peculiarities. As Gehlen et al. [9] point out, however, a default system for retention of cellular components is something worth considering, whether it might apply to asymmetric accumulation of damaged components or factors important for the differential behavior of the two cells that arise from a common division, as in the case of stem cells dividing to produce another stem cell and a cell committed to a differentiated lineage. Passive diffusion as a controlling factor may indeed be the shape of things to come.
